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INTRODUCTION
Neurofibromatosis, also known as Von Recklinghausen's disease, often involves the origin of ectodermal organs, such as the nervous system, the eyes and the skin, and is a common neurocutaneous syndrome (Theos et al., 2006; Jouhilahti et al., 2011) .
Neurofibromatosis includes three types: neurofibromatosis type 1 (NF1), neurofibromatosis type 2 (NF2), and schwannomatosis (NIH, 1997) . NF1 is an autosomal dominant disorder affecting 1 in 2500-3500 individuals, with high penetrance. A total of 50 % of patients with NF1 have a family history of the disease, or their clinical manifestations are caused by mutation of the NF1 tumor suppressor gene located on chromosome 17q11.2 (Korf, 2013; Zhu et al., 2016) .
Although café-au-lait macules (CALMs) commonly appear on skin, they are an early feature of NF1. With age, other typical features begin to appear, even malignant transformation. The course of NF1 is unpredictable (Holt, 1978; DeBella et al., 2000) .
Most individuals with NF1 will present with pigmentary lesions (CALMs, freckles or Lisch nodules) and neurofibromas. Moreover, some individuals suffer from skeletal abnormalities, brain tumors, peripheral nerve tumors and other symptoms (Gutmann et al., 1997; DeBella et al.) . Approximately 40 % of patients with neurofibromatosis type I suffer from skeletal malformations, including primary bone hypoplasia and neurofibroma erosion; however, in actual case analysis, the latter is rare (Raj et al., 2009; Arrington et al., 2013) .
Cutaneous neurofibroma is the primary condition that affects skin appearance. The overgrowth of related soft tissue leads to severe deformity, and it even affects the adjacent tissues and organs (Ergün et al., 2007) . When a neurofibroma grows on the scalp, it can cause a fatal hemorrhage with an abundant blood supply. The operation is extremely difficult when there is a skull defect. At present, there are few reports about NF1 presenting as a giant neurofibroma of the scalp with skull defects.
We report a case of a young female patient with NF1 that presented as a giant neurofibroma of the head and neck with ear deformity. The defective part of the occipital bone caused the transverse sinus to bulge out of the skull.
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We made full use of all types of auxiliary examinations to evaluate the risk of operation, and we created a detailed plan. The patient recovered well after the resection of the giant neurofibroma and replantation of the scalp flap with pedicel. At the same time, we analyzed and discussed the diagnosis, treatment and prognosis of the disease to provide a reference for our clinic practice.
CASE PRESENTATION
A 25-year-old female was admitted to the hospital complaining about a progressive, painless soft tissue mass of the head and neck. The swelling was a red spot that was first noticed by her parents at the age of one. The patient underwent surgery to resect the swelling 13 years ago. She had no neurological deficits and no signs or family history of NF1.
The soft tissue mass located in the left occipito-cervical region measured 27 cm x 22 cm x 6 cm and resembled a giant soft pouch. It involved the auris sinistra, which presented with a sagging deformity (Fig. 1) . The external auditory canal was blocked by tumor tissue. There were many gray-brown pigment spots in the lesion area. The two largest integrated spots were located on the top of the head and behind the auris sinistra; they measured approximately 6.5 cm x 2.7 cm and 12 cm x 4 cm, respectively (Fig. 2 ). There were no cutaneous pigmentary lesions in other parts of the body.
Auxiliary check. Color Doppler flow imaging (CDFI) showed that a giant irregular soft tissue mass was located in the occipito-cervical region on the left, with no obvious border. The ultrasonic signal of the subcutaneous soft tissue was extremely disordered. Many blood flow signals and the arterial spectrum could be measured. The sinusoids and liquid dark area measured 2.5 cm x 0.95 cm Magnetic resonance imaging (MRI) demonstrated that these signals in the soft tissue mass were uneven, and the brain parenchymal signal was uniform. The tumor did not invade the brain (Fig. 4) .
According to CT angiography, the tumor was supplied by the bilateral external carotid artery and its branches. The left external carotid artery and its branches ran through the tumor (Fig. 5) . Part of the left transverse sinus was bulging outward. There was no obvious boundary between the transverse sinus and the tumor (Fig. 8-b ). Three-dimensional reconstructions of the bony tissue and a CT scan demonstrated that the patient had a partial occipital defect (Fig. 6 ).
Digital subtraction angiography (DSA) of the bilateral external carotid artery showed that the tumor was supplied by the bilateral occipital artery (Fig. 7-a, b) . DSA of the left Fig. 8 . Intraoperative images. A) The amount of tissue excised in a subtotal excision is depicted in the pane. B) The location of the skull defect and the bulging transverse sinus (arrow); b, C) the tumor was resected, and some scalp was retained to cover the wound, similar to a flap. Int. J. Morphol., 36(1):194-200, 2018. internal carotid artery showed that blood in the sylvian vein flowed back to the transverse sinus (Fig. 7c ).
Operative and postoperative course. Before the surgery, we prepared a large supply of banked blood (erythrocyte suspension 3000 ml, plasma 1000 ml), expanded the volume of blood, regularly used hemostatic drugs.
When general anesthesia was used, the location of the left occipital artery was confirmed by color Doppler ultrasound. A 1/100000 epinephrine saline solution was injected, and running sutures were passed around the tumor to reduce the blood supply. Subcutaneous tissue around the left occipital artery was ligated with 4-0 sutures. The normal scalp was cut to the galea aponeurotica layer on the upper edge of the tumor. The marginal scalp incision was clamped with a hemostatic clip. It was observed that the tumor tissue had invaded the periosteum. The tumor was separated from the skull downward using an electric surgical knife. Close to the defect of the occipital bone, the tumor and the subcutaneous tissue were carefully separated using tissue scissors, and the periosteum layer was retained. Subcutaneous tumor tissue from the auris sinistra was completely excised in the same manner. Redundant skin was excised, and part of skin was retained to form two flaps to cover the wound. We utilized bipolar electrocoagulation, hemostatic powder and bone wax to completely stop the wound from bleeding, and then, we sutured the wound after embedding the drainage strip. The amount of intraoperative bleeding was 2500 ml.
After the surgery, we used some drugs (Hemocoagulase Bothrops Atrox for Injection, Penglai Nuo Kang Pharmaceutical Co., Ltd, China; Dexamethasone Sodium Phosphate Injection,Shandong Xinhua Pharmaceutical Co., Ltd,China) to control the postoperative bleeding, regulate the electrolyte balance and protect the gastric mucosa. . Postoperative pathology studies confirmed a diagnosis of diffuse neurofibroma. A) HE staining revealed fusiform cells with elongated nuclei (arrows) and extensive invasiveness (×100; inset, ×200); B) Immunoperoxidase staining showed positive reactions: S-100 (×200), CD34(×40), Ki67(< 1 %)(×100), Vimentin(×100).
DISCUSSION
NF1 is a common genetic disease with many characteristic symptoms and signs. Diagnosing the disease is usually not easy. In 1987, the NIH published diagnostic criteria for the disease, as shown in Table I . The disease can be confirmed with two or more of these features (Sehgal et al., 2013) .
In this case, a patient presented with a giant dermal neurofibroma, characteristic café-au-lait macules and a characteristic occipital defect. Postoperative pathology studies confirmed a diagnosis of cutaneous diffuse neurofibroma (positive: vimentin, CD34, S-100, Ki67 [< 1 %]; negative: smooth muscle actin [SMA] , desmin, CD117, cytokeratin [CK] , glial fibrillary acidic protein [GFAP], Bcl-2, and NeuN) (Fig.  9) . Several studies have reported that approximately 10 % of diffuse neurofibromas are associated with NF1 (Yoo et al., 2009; Karwacki & Wozniak, 2012) .
The clinical manifestations of the patient fulfilled two of the seven well-established criteria in Table I , and combined with the patient's history and pathological results, the disease was diagnosed as NF1.
At present, we have knowledge of the pathogenesis of NF1 (Boyd et al., 2009) and have found a variety of treatments, such as laser ablation, drugs, radiation, gene therapy and surgery (Kissil et al., 2010; Marchetti et al., 2013; Weiss et al., 2015) . Although we have recently made much new progress in terms of drugs and gene therapy for NF1, surgical management is still the most effective treatment for improving patient quality of life in the case of giant neurofibromas with ill-defined borders (Latham et al., 2015) . However, these lesions often have an extremely rich blood supply. Surgery is a great challenge for surgeons when neurofibromas invade important organs (Shen et al., 2016) .
Auxiliary examination plays an important role in diagnosing the disease and evaluating the surgical risk (Ergün et al.; Sehgal et al., 2009) .
In this case, CDFI helped us to understand the composition of the tumor and played a guiding role in the initial diagnosis of the disease; it also showed the distribution of the blood vessel and the blood sinus, which can be used to roughly estimate potential bleeding. CTA helped us to understand the arterial blood supply and distribution of the tumor as well as the anatomical relationship between the tumor and the skull. MRI helped us to understand the extent of the tumor (van Zuuren & Posma, 2003) ; DSA can anticipate the blood flow within the tumor, determine whether there is an abnormal blood supply and determine if it is feasible to reduce the blood supply through embolization of vegetative arteries (Yuan et al., 2015) . Considering the blood flow of the graft flap and the risk of vascular embolization, we did not consider preoperative embolization.
In this case, we chose conservative treatment (tumor subtotal resection and skin flap grafting), considering the presence of the occipital defect with transverse sinus bulging and the history of recurrence after surgery. To avoid the occurrence of intraoperative massive hemorrhage, we took the following measures: (i) prepared a large supply of allogeneic blood; (ii) performed preoperative expansion of the blood volume; (iii) used hypotensive anesthesia; (iv) placed a preliminary sutured around the tumor and stitched the tissue around the occipital artery; (v) used a scalp clip, bipolar coagulation, bone wax, hemostatic powder and adrenaline saline for intraoperative hemostasis; (vi) chose the healthy scalp on the top of the head for the surgical incision to avoid damaging the great vessels, sinus and important organizational structure, and (vii) preserved some subcutaneous tissue at the defect of the occipital bone to protect the sinus in order to avoid the occurrence of severe complications, such as massive hemorrhage and gas embolism (Raj et al.) . The patient recovered well, with no complications. Her appearance has been greatly improved (Fig. 10) .
Surgical management of NF1 must be individualized because of the various coexisting lesions. We must make full use of all types of auxiliary inspection techniques, combined with the patient's medical history and adequate consideration At least two of seven well-established criteria must be present Table I . Diagnostic criteria for neurofibromatosis type 1 (NF1). At least two of seven well-established criteria must be present of individual needs. The key to a successful operation is to prevent bleeding, repair the large wound area, and protect the important organs and tissues (Janes et al., 2013) .
The purpose of surgical management should not be to simply remove the lesion. A variety of factors should be considered before treatment. We should remove all lesions as much as possible to improve the patient's appearance, reduce the patient's psychological burden and improve patient quality of life (Zhang et al., 2012) .
The applied range of medication, laser therapy and radiotherapy is currently narrow, and these effects were not significant; however, we believe that they will be more widely used in the treatment of NF1 with the continuous development of related disciplines. We also hope that with more profound and detailed understanding of the pathogenesis of NF1, a more effective treatment will be found.
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RESUMEN:
La neurofibromatosis tipo 1 (NF1) es una rara enfermedad neurogenética autosómica dominante, con manifestaciones clínicas variables, que se manifiestan principalmente como neurofibromas, máculas café con leche (CALM) y deformidades esqueléticas. Generalmente los neurofibromas expansivos benignos que son característicos de NF1 conducen fácilmente a deformidades exageradas. A menudo es difícil extirpar quirúrgicamente un tumor que involucra estos tejidos u órganos importantes. Presentamos un caso raro de un paciente con neurofibromatosis tipo 1. La paciente presentó un neurofibroma congénito gigante del cuero cabelludo y CALM en la región occipitocervical, además de deformidades del oido y región occipital. Realizamos una intervención quirúrgica desafiante (una resección casi total) para reducir la carga tumoral y rehabilitar la apariencia y función de la paciente mientras se preservó la estructura del tejido intracraneal. Aquí, revisamos este caso y analizamos las manifestaciones clínicas, el diagnóstico y el tratamiento de NF1.
PALABRAS CLAVE: Neurofibromatosis tipo 1; Defecto óseo occipital; Deformidad del oído; Quirúrgico.
